Synthesis

Synthetic strategy applicable to 1-4:
Hexamethylphosphoramide (306 mg, 1.7 mmol) was added to 10 ml of hot THF. After 30 minutes, DyCl 3 . 6H 2 O (113 mg, 0.3 mmol), was added to give a colourless solution. After stirring for 2 hours, the solution was evaporated to dryness and the precipitate formed was dissolved in a mixture of DCM/Toluene (1:1) and was left for slow evaporation. After 
Synthetic strategy applicable to 2@Y:
The same procedure was followed as in the case of 2 with the use of hexamethylphosphoramide (1026 mg, 5.7 mmol), DyI 3 (27 mg, 0.05 mmol) and YI 3 (447 mg, 0.95 mmol).
Elemental Anal. calcd (found) for 2@Y . 0.5H 2 O: C 22.58 (23.03), H 6.48 (7.12) , N 13.17 (13.09) %.
Single-Crystal X-ray Diffraction
Selected details of the single crystal X-ray diffraction studies of 1-4 are provided below. More complete details are provided in the deposited CIFs (CCDC 1835322-1835325) . In all cases one HMPA ligand shows some disorder, details of the disorder modelling are provided in the CIFs.
Data collection: APEX3 Ver. 2016.9-0 (Bruker-AXS, 2016); cell refinement: SAINT v8.37A (Bruker, 2015) ; data reduction: SAINT v8.37A (Bruker, 2015); program(s) used to solve structure: SHELXT (Sheldrick, 2015) ; program(s) used to refine structure: SHELXL (Sheldrick, 2008) ; within Olex2 (Dolomanov et al., 2009 (6) O1-Dy2-O4W 89.12 (6) O3W-Dy2-O1W 143.43 (7) O1-Dy2-O5W 86.78 (6) O3W-Dy2-O2W 72.05 (7) O1W-Dy2-O2W 72.56 (7) O4W-Dy2-O1W 143.89 (6) O2-Dy2-O1 176.71 (6) O4W-Dy2-O2W 143.35 (7) O2-Dy2-O1W 87.29 (6) O4W-Dy2-O3W 72.35 (7) O2-Dy2-O2W 95.79 (6) O5W-Dy2-O1W 71.41 (6) O5W-Dy2-O2W 143.12 (7) O5W-Dy2-O4W 72.53 (6) O5W-Dy2-O3W 144.73 (7) Complex 2 has larger crystal field than 1. Note: Complex 1 has two crystallographic units (1a and 1b) and calculations have been performed on both units.
Here, k -the rank of the ITO, = 2, 4, 6, 8, 10, 12. q -the component of the ITO, = -k, -k+1, ... 0, 1, ... k;
are proportionality coefficients between the ESO and operators. The non-axial term ( , where q ≠ 0 and k = 2, 4, and 6) to the axial term ( , where q = 0 and k = 2, 4, and 6) ratio should be smaller for lesser operational QTM and larger U cal value. Fig. S28 and Fig. S29 . Note: Complex 1 has two crystallographic units (1a and 1b) and the anisotropy properties for both units of complex 1 are expected to be practically identical, as seen from magnetic blockade diagrams ( Figure S29 ), so we have performed defragmentation only on unit 1b. A smaller ratio of the non-axial term ( , where q ≠ 0 and k = 2, 4, and 6) to the axial term ( , where q = 0 and k = 2, 4, and 6) is needed for lesser operational QTM. Removal of transverse anions/ligand-component cause lowering of the non-axial term ( , where q ≠ 0 and k = 2, 4, and 6) to the axial term ( , where q = 0 and k = 2, 4, and 6) ratio and decrease operational QTM. The smallest ratio is found for the two coordinated linear models (1b-(1-12) and 2-(1-10)), resulting in a very large U cal value of ~3100 K. 
Fig. S1
The powder X-ray diffraction pattern of 1. The red line represents the simulated powder X-ray diffraction pattern generated from single-crystal data collected at 100 K, and the black line represents the experimental data measured at ambient temperature.
Fig. S2
The powder X-ray diffraction pattern of 2. The red line represents the simulated powder X-ray diffraction pattern generated from single-crystal data collected at 100 K, and the black line represents the experimental data measured at ambient temperature.
Fig. S3
The experimental powder X-ray diffraction pattern of 1@Y. The red line represents the simulated powder X-ray diffraction pattern of 1 generated from single-crystal data collected at 100 K, and the black line represents the experimental data measured at ambient temperature.
Fig. S4
The experimental powder X-ray diffraction pattern of 2@Y. The red line represents the simulated powder X-ray diffraction pattern of 2 generated from single-crystal data collected at 100 K, and the black line represents the experimental data measured at ambient temperature. Illustrating the hydrogen bonding between the molecules in the asymmetric unit. All hydrogens except water H and the minor disorder components were omitted for clarity. Dy, green; P, violet; Cl, dark green; O, red; C, gray; N, blue. 
Magnetic Properties
Dc magnetic susceptibility measurement and magnetization for complex 1 For 1 the dc magnetic susceptibility measurements were performed in 290-2 K temperature range under an applied magnetic field of 0.1 T plotted as χ M T vs. T in Fig. S10 , with the isothermal magnetisation (M vs H) shown in Fig. S10 (inset) . The room temperature χ M T value of 14.12 cm 3 K mol -1 is in agreement with the theoretical value of 14.17 cm 3 K mol -1 expected for a mononuclear Dy (III) ion ( 6 H 15/2 , S= 5/2, L = 5, g = 4/3). Upon cooling, the χ M T value of complex 1 gradually decreases to 11.95 cm 3 K mol -1 at 6 K before rapidly dropping to the minimum value of 4.81 cm 3 K mol -1 at 2 K.
Dc magnetic susceptibility measurement for complex 2
For 2 the χ M T value of 14.13 cm 3 K mol -1 at 290 K is close to the theoretical value of 14.17 cm 3 K mol -1 calculated for one Dy(III) ion (Fig. S11) . Upon cooling the temperature, a relatively imperceptible decrease of the χ M T is observed until 7 K following a more rapid decrease, reaching the value of 4.28 cm 3 K mol -1 at 2 K. s Analysis of qualitative relaxation mechanism: unlike in transition metal based SMMs/SIMs, in majority of lanthanide-based SMMs/SIMs, the thermally assisted magnetic relaxation occurs through TA-QTM (thermally assisted quantum tunneling of magnetization). Quenching TA-QTM at the first excited KD can cause relaxation via higher excited state(s) and increase the magnitude of U eff values. Ungur and Chibotaru have proposed a methodology to derive the parameters that control the relaxation mechanism from the ab initio computed wave function. This involves calculation of the transition magnetic moment between the degenerate states of lanthanide-based SMMs. For Kramers doublets, the transition magnetic moment and tunneling rate (among the two degenerate states of a doublet) are proportional and the average sum of the transition magnetic moment, ((|µ x |+|µ y |+|µ z |)/3) qualitatively gives the transition probability between the two degenerate doublet states. and calculations have been performed on both units. The computed g zz axis for both the ground and first excited states is collinear in complexes 1 and 2 (less than 2°, see Table S6 ). The angle between the g zz axis of the ground state KD and the other excited states is important as larger deviation from the ground state suggests a possibility of relaxation via that excited state. If the g zz angle of the ground state and the first excited state align along the same direction (angle of deviation is zero), that means the g zz axes are collinear. This collinearity is important for the relaxation mechanism and collinearity here suggests that the g zz axis of the two KDs are nearly aligned along the same direction. 
